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Abstract 
A novel dual-Thermal conductivity detector (TCD) is presented for in-line flow compensation. TCDs generally demonstrate a 
flow dependence requiring calibration at a fixed flow rate. This dual-TCD is composed of two thin-film sensors on membranes in 
parallel on the same chip that are differentially operated. Both are laterally identical, but with a difference in quasi-static thermal 
conductivity by a different sample chamber. A reduced flow rate dependence is possible under conditions described in this work. 
Simulations of the dual-TCD that verify its operation are presented.  The device is fabricated using both bulk and surface 
micromachining. Currently, prototypes are being fabricated and measurements results are forthcoming. 
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1. Introduction 
A TCD measures the thermal conductivity of a gas by means of a heated element in the gas stream. The heat 
loss through the gas is measured. The hot-wire is the most common TCD device [1], acting both as the heater and as 
the temperature sensor. Joule heating is produced by feeding the wire with an electric current and, depending on the 
surrounding gas, the temperature of the wire changes and is detected as a change in resistance. Gas chromatography 
systems generally use two detectors in a Wheatstone bridge configuration [2] In a single temperature block there are 
two devices, one in a channel with a carrier gas and the other in a mixture of the carrier gas and the gas that needs to 
be analysed.  There are still a few critical issues in these conventional TCD’s such as the temperature of the detector 
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block, oxidizing of the filament and different flow rates of the reference and the carrier gas. Our design uses a 
separate hot element and the temperature sensor using MEMS processing technology [3] enabling more flexibility in 
temperature range and a high sensitivity. A flow independent device could avoid calibration of the system for every 
gas in the gas stream. A flow independent TCD has been proposed by [4] dividing the TCD in several independent 
TCD sections, where the gas is pre-heated in the first region, thus making the central regions less dependent on the 
flow. A flow-independent dual-TCD is proposed in this work and will be explained in the following section. 
2. Description of the Device 
Our approach consists of two laterally identical TCDs fabricated on the same substrate but with significantly 
different depths of the detector chamber, as shown in Fig. 1. Each TCD consists of a heating element (resistor) and 
thermopiles fabricated on top of a thin membrane. Holes or slits are perforated on the membrane to enable filling of 
the cavities with the gas, but are made in such a way that the flow inside is negligible. Thermopiles measure the 
temperature difference between the membrane and the substrate. The thin layer of gas in the shallow chamber 
(TCD-S) results in a much higher sensitivity for the thermal conductivity of the gas than the deep cavity device 
(TCD-D). 
Figure 1. Dual-TCD device: Top view (a)  and (b) Cross section of the device. 
2.1. Description of the Method 
The membrane is kept at a constant temperature above ambient by measuring the temperature using the 
thermopiles and controlling the current to the heaters. The dissipation P of each TCD is now proportional to the total 
thermal conductance G. Neglecting radiation effects, G is equal to the sum of the thermal conductance of the beam 
Gb, the thermal conductance through the gas Gg and the heat loss by convection Gc. Since the beam conductivity and 
the heat loss by convection are identical in both devices and keeping both TCDs at the same temperature, the power 
difference depends only on the thermal conductance through the gas of each TCD. With GgS the thermal conductance 
through the gas of TCD-S and GgD the thermal conductance of TCD-D the power difference ǻP can be written as: 
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where A is the area of the membrane and d is the depth of the cavity. Equation (1) shows that the difference in power 
dissipation of both devices is proportional to the thermal conductivity (Ȝg) of the gas, independent on the gas flow 
and the thermal conduction of the beams. 
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3. Fabrication 
The sensor is fabricated on a 525 μm silicon wafer using a 2 μm of silicon-dioxide as a sacrificial layer [2]. The 
membrane is made using a layer of 700 nm of silicon nitride. The heaters are patterned layers of 0.3 μm thick doped 
polysilicon. The structure is protected by a 0.3 μm of SiN. Free standing structures are formed by vapour HF etching 
of the sacrificial layer through etching holes. The DC device is fabricated from the backside using DRIE etch. The 
fabrication flow is shown in Fig. 2. 
Figure 2. Fabrication flow. 
4. Simulations and results 
The operating principle of the device has been verified by two different types of simulations using COMSOL 
Multiphysics 4.4: static and dynamic. Static simulations were made without a gas flow passing through the sensor 
and dynamic simulations were made using an input gas flow parallel to the heaters. In both simulations a constant 
temperature of 310 K in the thermopiles was kept by controlling the input current of the heaters. 
4.1. Static simulations 
The simulations in vacuum show the effect of the conductivity of the suspension of the membranes (Gb). The 
results show that much more power is required to maintain a constant temperature in the TCD-S due to the large 
heat loss through the thin layer gas in the shallow cavity.  
Figure 3. Heating  power vs. thermal conductivity of  the gas at 
zero flow rate. 
Table 1. Static response of the dual-TCD: Required heater power 
for different gases for maintaining a constant temperature of the 
thermopile of 310 K. 
Gas Thermal 
conductivity 
Ȝ [W/m·K] 
SC-TCD 
P [mW] 
DC-
TCD 
P [mW] 
Vacuum 0 5.29 5.29 
CO2 0.01622 7.81 5.38 
N2 0.02604 9.34 5.50 
CH4 0.03458 10.67 5.60 
He 0.14200 25.71 6.89 
H2 0.18690 30.69 7.44 
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As a result the TCD-S is much more sensitive to the gas thermal conductivity than the TCD-D, which is basically 
just a compensation device. Fig. 3 shows an almost linear relation between the power dissipation and the gas thermal 
conductivity of both devices. 
4.2. Dynamic simulations 
An input flow in the range between 1 to 10 ml/min has been used. Figure 4a shows the dependence of power 
signal to the flow rate for different gases for TCD-S, clearly showing an almost linear flow dependence. 
Figure 4b shows that ǻP remains almost constant for different flows, using different gases, confirming the 
concept of the flow compensation dual-TCD principle. Compensation improves if the temperature sensor is 
measured closer to the heater. 
Figure 4. (a) Normalized heating power of the TCD-S vs. flow for different gases. (b) Power difference of the dual-TCD for different flow rates. 
 
5. Conclusions and future work 
A flow independent TCD has been designed and its operation has been verified by simulations. The differential 
operation of the dual-TCD shows a high sensitivity for the gas conductivity and a low flow dependency. Circuits for 
temperature control of the sensor have been designed and tested and a measurement setup has been realized. Several 
versions of the dual-TCD are being fabricated at present and results are expected soon. 
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(b) Normalized Power TCD-D, Thermopile at 310 K
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